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Sampling Objectives. There are several possible objectives in sampling for 

PCBs. At the rime of this writing, no one knows very much about the presence of PCBs at 

s~er sires. Large concentrations of PCBs have been identified in some samples that have been 

collected; some of these findings have been questioned, based 011 data collection procedures and/or 

analytical methods. Thus, agencies may wish to collect data at ~er sires in order ro sll!dy me 

situation in their locality. In such studies, the objective is simply to gather data and make a 

preliminary assessment of possible contamination, as measured by the overall concentration of 

PCBs, without any preconceived ideas about whether such conrarnination exists. 

Another objective is to monitor the output of one or more shredder sires. In this 

siruation, the monitoring agency - which may be the shredder operator or an outside agency -

develops a program of regular sampling and analysis of materials to assure that shredder output 

meets specified standards. 

In the evem that a shredder site or output from a site is established as being 

contaminated with PCBs - if large piles of stored fluff or the soil around the site are known 10 

contain high concem:ralions of PCBs, for example - then it may become necessary for the site to 

undergo some form of clean-up or change in operating procedures. Thus, a third objective of 

sampling might be to collect data to verify that a site is free of PCBs. 

The sampling procedures described in this document are intended to produce 

representative samples of fluff that will give reasonably accurate estimates of the overall 

concentration of PCBs in the material being sampled. The sampling methods are suitable for any 

of the objectives described above. The documem primarily addresses analytical methods for 

exploratory studies; an appendix discusses analytical methods for monitoring and clean-up 

verification. 

Contents of This Document. The documem consists of three main pans. In 
Chapter 2, we will discuss procedures for selecting samples of fluff and other media at shredder 

sites. Next, in Chapter 3, we will discuss subsampling and other issues in laboratory testing. 

Finally, in Chapter 4, we will discuss statistical procedures for deriving conclusions after the data 

have been analyzed at the laboratory. The methods discussed in Chapter 4 are intended for 

exploratory srudies undertaken to assess the extent of PCB contamination, if any, at one or more 

shredder sites. Analytical methods for regulatory procedures are discussed in an appendix. 
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This document is intended for users of al.I backgrounds and 110 special sWi.stical 

knowledge is n:quued. The statistical background and teclmical justification for me material 

presented here is given in a oompllllion volume.I 

Cautioru; about Using This Document This docwnem consists of directions 

for collecting and analyzing samples of materials at shredder sites. The sampling plans. esrirn•ted 

sample size requirements, and the accuracy of statistical tests chat are discussed in this document 

are based on data from samples collected ar seven different shredder si!CS located throughout the 

United Stares. Although it is not likely, the data that you encooorer at your shredder (or the site 

you are investigating) may differ substa11tial.ly from the data used to develop the guidelines in this 

document. If this occurs, the sample sizes shown in tables in this document may yield results that 

are somewhat more or less precise than you would expect based on the parameters discussed in 

Section 4 and in the appendix. 

I Sampling Guidance for Scrap Mera/ Shredders: Teclllli.cal Background. USEPA, Office of Pollution Preve111ion 
llllli Toxics. EPA/56015-91-002. 



2. SAMPLING PROCEDURES 

2 .1 Basic Sampling Guidelines 

Ovenriew. The purpose of the field sampling procedures described in this section 

is to estimate the overall concen1:ratio11 of PCBs, rather !han 10 identify "hot spots" with high 

concentrations. Thus the sampling methods described here are intended to produce representative 

samples of fluff, since this material is generally considered to be the most likely to contain PCBs, 

if they are presem at all. 

Fluff is often stored in piles on the shredder site before being shipped to a landfill 
for disposal. We will differentiate between srored fluff, which is stored in piles at the shredder 

site, andfreshftuff, which is produced at the site while sampling is being done. In particular, we 

will describe differem sampling procedures for stored and fresh fluff. The former may consist of 

very large piles which are difficult to access, while the latter is being continuously produced and is 

generally easier 10 sample. 

In collecting samples, care should be taken to minimize the disruption of the noimal 

operations of the shredder. This is imponam not only from the standpoint of maintaining good 
·' 
relations with the shredder operator, but also because the samples collected should, w the greatest 

extellt possible, reflect the normal output of the shredder. If shredding procedures are altered in 

order to collect samples, the data collected may not reflect the usual PCB content (if any) of the 

shredder output streams. 

How Large Should Samples Be? The materials present in fluff are very 

heterogeneous, and samples must be relatively large in volume to get a good cross-seclion of the 

types of materials present. In most cases, we suggest taldng individual samples of about one 

gallon in size. Many of the sampling procedures we recommend require combining several 

samples of which each is one-half to one g:a.J.lon in size. In any case, we recommend that the total 

volume of fluff collected at a site be at least five gallons.1 

Duration of the Sampling Period. When sampling from the stream of fresh fluff 

as it is being produced, the: duration of the sampling period is an important consideration. Samples 

I This m:ommendatloo is based on techniques for sampling heterogeneous mall:rials presented in a seminar titled 
"Sampling Meillodologies for Monitoring I.he Environment" by Pierre Gy and Francis Pii.ard Sampling Consu.lWllS. 
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may be collected only once during a visit. once each half-hour for several hours, or oru::e each half­

hour for an entire day. The longer the duration of the sampling period. the greater the lib:lihood of 
obwrung a representative sample of shredder output, sin-: 0 

'· '- ---- likely that the materials 

shredded will be repn::senutive over a longer period. It is difficult 10 give fixed guidel.ines on how 

long to collect samples, but. in general, we suggest collecting samples of fresh shredder ouiput 

each half-hour for a period of at least eight hours, or one working day. In any case, the general 

openting procedures followed at the shredder should be considered in decidi!lg how long ro make 

the sampling period and how frequently to collect samples. For exm1ple, if an operator rims white 

goods in the morning and automobiles in the afternoon, samples should be taken of each. 

When different types of materials are recycled, the PCB coniem of the samples may 

vary considerably. Thus, regardless of the duration of the sampling period and the number of 

samples collected, the results of one day's sampling cannot be extrapolated to any other day unless 

the materials that are recycled 011 the two days are similar. Because of the variability in the 

materials shredded, high or low concentrations of PCBs may be found at one visit but not on a 

subsequent visit. Because of this fact, it is imporum that the samples collected at a she are as 

representative as possible of the usual activities of the shredding operation. 

Collecting Representative Samples. The basic technique that we recommend 

f?" collecting samples requires two steps. First. a square, twQ-dimensional grid is superimposed 

over the material that is to be sampled, as shown in Figure 2. Stretching strings across the material 

is an efficiel'lt way of constructing the grid; the cells should be approximately equal in area. Next. 

samples should be taken from each cell in the grid and combined. This type of sampling is called 

grid sampling. It may be applied in sampling either fresh or stored fluff. The purpose of grid 

sampling is to obtain a sample that is spread throughout the material that is being sampled. Larger 

grids (e.g., four squares on each side) may be used, but a three-by-three grid is generally sufficient 

for this purpose. 

When sampling material !hat is spread out in a grid. ii is impornmt to dig down into 

the material w the bowm . Finer particles will sett.le down and samples that are simply grabbed off 

the top will not be representative. 

In order to collect more than one grid sample, use replicmed grid sampling. Using 

this procedure, multiple samples are taken from each cell and combined in separate buckets, as 

illustrated in Figure 3. Each bucket is analyzed as an independem sample of material. 
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Tm samples from the appro~rnare 
centers of squares in the grid. 

X 

Figure 2. Illustration of grid sampling 
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In some cases, grid sampling is 11ot a practical option. For example, when 

sampling from large piles of fluff, it will be necessary to collect samples from various points in the 

pile without formally creating a grid. Detailed descriptions of how to sample stored fluff will be 

discussed below. 

Sampling Over Time. When samples are collected from freshly produced fluff, 

samples must be collected at different times; for example, sampling might be do11e each half-hour 

over a 4- or !!-hour period. Figure 4 illustrates the basic reclmique for sampling over time. Here a 

sepanue grid sample is taken at each point ill time, with each time period represe11ted by a different 

bucket. Each bucket may consist of 1 gallon m: more, but only one bucket per time period should 

be collected. If t1m:e samples are required, then samples should be collected at three different time 

periods (e.g., every 2 hours for a 6-hour period). If more samples are required. then either more 

time periods must be sampled (e.g., every hour for a 6-hour period) or samples must be collected 

for a longer duration (e.g., every 2 hours for a 12-hour period). 

How Many Samples Should Be Collected? The number of samples !hat need 

to be collected depends on the accuracy required. As we will see in more detail later, about 10-20 

samples should be sufficient for most pwposes. For example, in sampling over time, 16 samples 

could be taken at half-hour intervals over the course of an 8-hom work day. These samples can be 

combined, using the technique of compositing which will be discussed later in Section 3.2, 10 

reduce laboratory costs. Of course, fewer samples can be taken but at the risk of greater error. In 

Section 4, we will discuss the trade-offs between sample sizes and the reliability of conclusions. 

What Equipment Should be Used? Because of the size and heterogeneity of 

materials that are produced at shredder siteS. conventional core-sampling tools an: usually of little 

use. From-end loaders and backhoes may be useful for transporting and arranging materials, 

particularly if large amounts of fluff are involved. Similarly, trowels, rakes and shovels may be 

useful for smaller amo1111ts of fluff. Because of the difficul1y in manipulating fluff, it may be 

necessary to pick it up by hand and place "grab samples" manually in gallon containers. If 

available, a rotating gravity tumbler drum (RGTD) may be useful for mixing samples. 
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Output from 
9:30 to 10:00 II.Ill.. 

Ouq,utfrom 
10:00 to 10:30 Lill.. 

Figure 4: Sampling over time 
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Cleaning Equipment and Handling Samples. Whatever equipment is used. it 

must be clean in order to avoid comaminating the samples that are collected. Fw:thermore. 

equipmem shall.id be cleaned regularly, preferably after each sample is taken. To clean shovels, 

hoes, buckets, containers, and other equipmem, soak them i11 dllllte (20%) nitric acid and then 

rinse them three times, fuse with deionized water, then acetone, and finally hexane. Alternatively, 

steam cleaning can be used; if the steam condensate is free of PCBs, it can be disposed of easily. 

By comparison, disposal of solvents is always expensive. 

If equipment is not cleaned, samples can become cross-comaminated. Cross­

contamination occurs when PCBs from a sample that is contaminated are transmitted to a second 

sample which was not previously contaminated. This problem can occur when materials are not 

handled carefully and one sample leaks into another, or when equipmem is not cleaned and a 

residue of PCBs builds up and is transmitced to multiple samples. 

Besides keeping equipmem clean, it is important to handle samples carefully. All 

samples should be clearly labelled, indicating the time, date and location. Samples should be 

stored in clean, srurdy containers. If samples are handled manually, gloves should be changed 

after collecting each sample. 

Clearly, the cleaning of equipment can be cumbersome; moreover, it will be 

impractical in most circumstances to clean large equipmem, such as backhoes. However, small 

equipment and containers should be cleaned as often as possible. While the risk may be small, it is 

in the best interests of both the shredder and environmemal agencies that samples be as free as 

possible from cross-comaminarion. Cross-contamination can lead to erroneous conclusions about 

the level of toxic substances in the media. For example, stored fluff may be contaminated by fresh 

output, leading to the erroneous belief that the stored material may not be deposited in a sanitary 

landfill. Cross-contamination is especially serious when it occurs with samples from different 

sires, since questions of liability may be involved. 

2. 2 Sampling Fluff 

General Guidelines. As described earlier, fluff is generated as a waste product 

which is separated from recyclable metals after the shredding operation. First, ferrous and 

nonferrous materials are separated using magnetic devices, and then fluff is separated from the 

metals either by using cyclone blowers or by washing with water, most commonly the former. 
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Fluff may eid:11::r pile up below the cyclone separator or it may be removed to storage piles using 

conveyor belts. 

There are generally three sources of fluff at a shredder site. First, fu::sh fluff is 

continuously being produced during the shredder operation. Second, there may be piles of s!Omi 

fluff, although most shredder operators regularly ship fluff to avoid wasting storage space. Third, 

some fluff, which we will call spillover, is likely to have piled up around conveyor belts and other 

equipment. Although the basic sampling procedures are similar, we will give· directions for 

sampling each form of fluff separately. 

Fresh Fluff: Front-End Loader Assisted. We will describe two methods for 

sampling fu::sh fluff, me first of which involves me use of a front-end loader. This method is 

preferred for reasons of safety, sampling consistency, and minimal facility interruption. 

Briefly, the from-end loader method involves (l) collecting the fluff in the front-end 

loader bucket as it is produced, (2) spreading the collected fluff out on the ground, and (3) ta.Icing 

samples from the fluff after it has been spread out 011 the ground. In order to use this method, you 

will need a front-end loader, which should have a safety cab and should be used only by an 

experienced operator. You will also need a clean space of ground on which to spread out the fluff. 

In some cases, it may be necessary to arrange with the operator to start and stop the shredder at 

appropriate inrervals. 

First, the front-end loader bucket shou.ld be positioned under the mouth of the 

cyclone ( or the end of the conveyor belt, depending on which is used) during shredding to collect 

the fluff. The shredder should run until the bucket is full, typically about 3 minutes, or the 

equivalent of about two automobiles. (Note: If large objects are being shredded., it is preferable to . 

process the entire object, :rather than pan of it.) After the shredder has stopped, move the front-end 

loader to an open, clean area for spreading the fluff. This area should be about 10 feet square, or 

large enough that the contents of !he front-end loader can be spread evenly to a depth of about l 

foot. 

Second, have the from-end loader operacor spread the collected fluff 011 the grolll1d 

in a square area to an even depth of about 1 foot, using the back of the bucket. Divide the square 

into nine roughly equal subsections, as shown in Figure 2. Take one-half gallon of material from 

the approximate center of each subsection, using a shovel and digging down into the material; 

combine the samples ill the 5-ga.llon bucket Smaller samples may be collected on a tarpaulin 
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placed under the cyclo11e or conveyor, moved to a clear area and then spread with a rake. For 

small samples, four roughly equal subsections may be used, with a half-gallon being selected from 

the center of each one. 

At some sites, the fluff stream is fed continuously into rolloff boxes which can 

conUtin up to 20 cubic yards of material. In order to collect samples of fluff at.these sites, the 

boxes must. be.pulled away from the output stream, which can then be collected using a from-end 

loader as described above. 

Fresh Fluff Sampling Without a Front-End Loader. A.mmge for the operator 

to shut down the line after shredding material for about 3 minutes. Take five one-gallon samples 

as follows. First, take four one-gallon samples by systematically sampling at four equidistant 

points around the perimeter of the pile, approximately 1 foot above the ground. Dig about 18 

inches imo the pile horizomally, or, depending on the size of the pile, far enough co obtain layers 

of fluff deposited at different times. Take the fifth sample from the center of the pile, digging 

down about a foot into the pile. 

Stored Fluff. It is much more difficult to obUtin representative samples from 

stored piles of fluff, but such samples are potentially more useful because they may be more 

~epresemative of the normal output of the shredder. (We will assume that the stored pile to be 

sampled is large; small piles can be raked imo a square shape, divided imo nine roughly equal 

subsections. and sampled as described above for fresh fluff.) In collecting samples from stored 

piles of fluff. the objective is to obUtin samples of the oldest fluff, the deepest fluff, and rwo 

samples of surjace fluff. If a large pile of new fluff has been stored next to a smaller pile of old 

fluff, then the deepest fluff may not be the oldest. However, if the oldest fluff is also the deepest, 

take a sample half-way between the bottom and the surface in place of the deepest fluff. The 

procedures described below, which are illustrated ill Figure 5, will provide a total of 20 one-gallon 

samples. To prevent cross-contamination between samples, collect one five-gallon bucket at a 

time. 

First, wee five one-gallon samples of surface fluff from the edge of the pile, at 

equal di.sumces around the pile, 011e foot off the ground. Dig straight into the surface, including 

the actual surface material in the sample. 
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Edge of pile 

/ 
Notch #l 

Figure 5. How to sample stored fluff 

1. Tm five ooe-pllon sampla of fluff at equal dist.mces aromid lhe edge of the pile. 

2. CUt five notches at equal disunces around the pile md take a one-gallon sample from the deepest 
fluff in each 11ou:h. 

3. Take five one-gallon samples of the oldest fluff. 

4. Take five one-gallon samples of fluff from the smface of the pile. 
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Second, use heavy moving equipment (such as a front-end loader) to cut five 

notches in the pile for the other samples, as shown in Figure 4. These notches should be located at 

equal distances along the perimeter of the pile, if possible. From each notch, ta.Ire a one-pllon 

sample from the fluff that is deepest down in lhe pile. Some c:i.re may be required to get a sample 

of the deepest fluff in the notch, since fluff from the surface may fall down into the notch. One 

approach would be w have the operator remove upper layers of the pile before cutting the notch: it 

might also help to ta.Ire the sample from the center of the notch, rather than the sides where mareria.l 

is more likely to fall imo the notch. In mald.ng notcli.es and collecting samples, remember that 

safety is a paramowit consideration. Do not cut notches deeper than five feet in height. Proceed 

with caution at all times. 

Third, collect five one-gallon samples of the oldest fluff. You will have to ask the 

shredder operator which fluff is !he oldest It may be a particular area of the fluff pile, or it may be 

the deepest layer. If it is not known which fluff is the oldest, then wee a one-gallon sample from a 

point mid-way between the bottom of the pile and the surface in each of the notches. 

Fmally, collect five one-gallon samples of fluff from the surface of the pile at points 

near the center of the pile. The notches may provide easy access to points near the center of the 

pile. 

As noted above, this p_rocedure will result in 20 samples. After reviewing 

Section 4, which discusses analyzing the samples, you may decide that more samples are needed. 

The number of samples may be increased by tiling more samples at each of the steps described 

above. For example, if six samples are taken from the perimeter, six notches are cut, etc., six 

samples of the deepest fluff are taken, and so forth, there will be 24 samples. 

Spillover. During normal shredding operations, fluff will pile up along conveyor 

belts and cyclone separators. We will refer to this fluff as spillover. Spillover tends to consist of 

smaller particles, sometimes called "fines". Became these "fines" are suspected of being more 

susceptible to PCB contamination, you may want to take some samples of this material. 

Inspect the area along the conveyor belt for spillover. Take five one-gallon samples 

of any spillover material along the conveyor belt at approximately equal distances. Mix these five 

one-gallon samples into one five-gallon bucket. If desired, repeat this procedure m fill additional 

buckets. In some cases, the pattern of spillover may not be regular enough to use this strategy. If 

necessary, identify the areas where spillover exists and take a one-gallon sample (or more) from 
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each location to achieve one five-gal.Ion sample (or more) that is representative of the spillover 

IDlll:mal. 

The Necessity for Quality Assuram:e. There are many sources of error in 

evah.iating comaroim•tion by PCBs or other substances. First, since we are selecting samples of 

material to ll.!Wyze, there is sampling error, which is due to the fact that not all of the material is 

being analyzed and thus !here is variability in the results from one sample to another. (Please note 

that sampling "error'' is a statistical term which reflects the natural variation that exists from one 

sample to another. This term does nor imply any "error" on the pan of those collecting the 

samples!) Second, there is analytical error, which results from the difficulty of accurately 

identifying and quantifying the substances present in a given sample of material. Third. !here is the 
possibility of errors through cross-comaminarion, which results from PCBs (or othec substances) 

being introduced into a sample during the collection process. For example, PCBs might be present 

in the bud::ets used for data collection and then transferred to the fluff du.ring the process of 

collecting samples. 

Below we describe two quality control procedures. The first, the use of field 

blanks, will help to detect the presence of cross-contamination. The second, the analysis of 

duplicate samples, will help to quantify analytical ecror. 

publications: 

More extensive treatment of quality control issues can be found in the following 

ars Guidance Document for the Preparation of Quality Assurance Project Plans. 
USEPA, Office of Toxic Substances. 

Test Methods for Evaluation Solid Waste. USEPA, Office of Solid Waste and 
Emergency Response. SW-846, Third Edition. 1986 

Analytical Chemistry of PCBs, Mitchell D. Erickson. Bunerwotth Publishers, 
Stoneham, Massachusetts. 1986. 

Field Blanks. Field blanks are materials that are known not to contain PCBs, but 

which are handled using the procedures specified for collecting fluff, soil or other materials which 

are suspected of being contaminated. When the field blanks are analyzed, they should not conWll 
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any PCBs. Empty containers, such as buckets, should be taken to the site, opened for the duration 

of the time that sampling is done, and then closed and taken to the lllbomory, where wipe samples 

can be taken and analyzed. This proced11te will indicate whether containers were contaminated 

either before data collection or through improper handling. The use of field blanks helps protect 

the operator by indicating when samples are being collected improperly and possibly giving 
incorrect findings. 

Duplicate Analyses. As a general practice, at least 10% of the samples selected 

should be analyzed in duplicaie, meaning that the same sample (or paru of it) should be analyzed 

twice. In particular, if one sample has an extremely high concentration of PCBs relative ro other 
samples, replicates should be analyzed for verification; Section 3 will discuss how replicates are 

formed. Preliminary srudies suggest that laboratory or analytical error for the procedures described 

in this manual are, on average, abom 30% of the estimated PCB level, ranging from 5% to 80%. 
If the results for replicates vary by more than this, it may be due to inadequate laboratory 
procedures. · 
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3. PREPARATION FOR ANALYSIS 

3. 1 Preparing Fluff Samples for Laboratory Analysis 

Overview. After samples are collected in the field, they must be prepared for 

laboratory analysis. Because of the c:xireme heterogeneity ill some of these materials, one pm of 

tbe sample can give an estimate which is not representative of the whole. In this section we will 

discuss procedures for splitting !he collected samples into several replicates so chat each replicate is 

representative of the original sample, containing the same components in approximately the same 

proportions. One or more of these replicates can then be analyzed to test for PCB conramination. 

The reason for creating such replicates is, first, to reduce the amount of material that is actually 

subjected to laboratory analysis, and, second, 10 create backup replicates for retesting if this 

becomes necessary. Altogether, at lease five gallons of material should be prepared for analysis. 

with about 400-500 grams of this material acrually undergoing analysis. In Section 3.2, we will 

discuss compositing, a technique for combining samples to reduce laboratory costs. 

Step 1: Weigh tile Fluff Sample. Determine the weight of the entire fluff 

sample. Since 400-500 grams of fluff are required for each replicate, weighing will indicate what 

~on of each bucket of material will comprise a replicate. Generally, a five-gallon bucket of 

material will produce about eight replicates. However, if the weight of your fluff sample is 

substa.111:ially smaller than 3,200 grams or larger than 4,000 grams, then divide the weight of the 

sample by 450 to determine the number of replicates. 

Step 2: Sort Out Large Pieces of Material. Pom the contents of the bucket 

onto a 9.5 mm screen above a laboratory tray or table with a nonabsorbent surface. Pieces chat do 

not pass through the screen should be cut into pieces or milled until they are small enough to pass 

through the screen and then mixed imo the sample. Larger pieces of material (metal, atypical wire:. 

hatd plastics) that canno~ be cut with shears should be segregated. Smaller pieces of wire or other 

solid material that are distributed uniformly throughout the sample should remain with the sample. 

Step 3: Divide Material into Replicates. Uniformly distribute the fluff which 

remains over the tray or table. This material will vary in composition, and dense granular materials 

(e.g., din, pulverized metal, plastics, glass, ceramics, etc.) will tend to settle below lighter 

material, such as shredded fabric and foam rubber. Care: must be taken 10 ensure that these 

components of the fluff are uniformly distributed throughout the tray. 
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Using the information 011 the tot.al weight of each sample, divide the fluff on the 

table into approximately equal paru. with the m.1mber of paru being equal to the number of 

replicates to be obtained. In most cases, you will divide the material on the table into eight roughly 

equal pans ro form eight replicates. 

• Step 4: Cut Large Pieces and Distribute Among Replicates. In Step 2, large 

pieces that could not be easily cut were removed and set a.side. Now cut these pieces with either tin 

snips or a hack saw, asSUllling that the materials can be cut using one of these tools, and distribute 

the pieces of the material equally among the replicates. If both cutting methods fail, the material 

should be analyzed separately, and any detected PCB levels should be prorated based on the 

number of replicates, the weight of the replicate, and the weight of the material. For example, 

suppose that eight replicates are produced, each weighing about 450 grams, and a large piece of 

material, weighing about 50 grams, cannot be cue. If the piece of material is analyzed and shown 

to have a PCB level of 30 ppm, then the revised PCB level for any replicate that is analyzed should 

be calculated as 

. <30~SO) + (Replicate PCBs)(450) 
Revised PCB Level = (50) ,-+ (450) 

Step S: Place Replicates in Containers. Place each replicate in a container. 

Seal, label and number the container so that both the replicate number and original bucket number 

are included (e.g., Replicate #2 of 4 from Bucket #12). 

3.l Compositing 

Because of the expense of analyzing samples at the laboratory, equal sized pms of 

tw0 or more different samples are sometimes mixed together and sent to the laboratory for analysis 

as if the mixrure were only om: sample. Samples can ·a1so be composited after the preparatory 

sreps described in Section 3.1; this method is prefereable to compositing in the field, although. it 

may be less cost effective. We will refer to the mixed sample as a composire sample (or simply a 

composite) and to the paru that were mixed together as subsamples. This procedure is illustrated 

in Figure 6. Because the subsamples have been mixed, the concentration of PCBs or other toxic 

substances in the composite sample should be roughly equal to the average of the concentrations 
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that would have been obtained by analyzing the subsamples individually, even !hough the 

com:cntr.1.tiom in the subsamples mllY vary substlmti.all.y due to the heterogeneous narure of fluff. 

Assuming that laborarocy errors are not large compared with sampling error - which is almost 

always the case when analyzing samples of fluff - compos1uu1:, .... rectively reduces the cost of 

laboratory analysis while maintaining about the same level of accuracy as if the samples had been 

analyzed individually. 

When forming composite sam:,les, several general rules should be followed. 

First. mix each sample thoroughly before compositing. Second, divide each sample i11to three or 

four paru, or subsamples. All the subsamples must be of roughly equal size. One simple method 

for dividing the sample is to spread the sample out on a clean area and split it i11to two, then four, 

equal pans. Another method is to take scoops of the lll.llterial and put the first scoop in the first 

subsample, the second scoop in the second subsample, the third in the third subsample, and so 011, 

repeating the process until the material is exhausted. Finally, take one subsample from each of m·e 

samples and combine them to make up the composite sample. Mix the composite sample 

thoroughly. 

If the samples are from different sites or different paru of a single shredder (e.g., 

stored and fresh fluff), then use only one subsample - not the entire sample - for compositing. If 

large concentrations of toxic substances are found, it mllY be desirable to analyze part of each ,. 

sample sepa.mely. 

1broughom the next section we will discuss the effects of compositing on various 

analytical procedures. While compositing is normally considered to involve rwo or more 

subsamples, it is preferable for simplicity in presenting tables to speak of composite samples which 

consist of one or more subsamples. For ex.ample, if four samples of fresh fluff are ta.ken over a 

period of 4 hours (as described in Section 2.2), these samples might be analyzed as one composite.· 

of four subsamples, two composites of two subsamples each, or as four "composites" of one 

subsample each. 
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4. EVALUATING SAMPLE RESULTS 

4.1 Possible Sources of Error 

In Section 3.2 we noted that there are several possible sources of error in assessing 

comaroim1tion by PCBs or other toxic subsmces. Specifically, we discussed errors due ro 
sampling. laboratory analysis, or cross-contamination when the samples are collected. Cross­

C011raroinarion crell1CS bias and can be avoided only by careful handling of materials. However, the 

first two types of errors can be taken into account by using the statistical methods described in this 

section. For example, if the laboratory analysis of five samples of fluff at a given si.te shows an 

average PCB concentration of 60 ppm, does this conclusively indicate that the entire output of fluff 

from that site actually contains more that 50 ppm? Is it possible that the acrual concemration is 45 

ppm and the difference (i.e., 60 ppm instead of 45 ppm) is due to sampling error and/or laboratory 

error? In this section we discuss a statistical procedure, called a confidence interval, for answering 

such questions. 

Because of the errors associated with the selection and analysis of samples, we 

canoot be sure that the numerical value (e.g., an average PCB concentration of 60 ppm) resulting 

µom a series of laboratory tests is exacrly accurate. Instead we must use statistical analysis to 

obtain an interval (e.g., 50 to 70 ppm) which we are relatively sure is accurate. This interval is 

called a confidence interval and our degree of cenaincy is called the level of coefuknce. For 

example, based on the results of our statistical calculations, we may be 95% confident that the 

actual average concem:ration is somewhere between 50 and 70 ppm. In Section 4.2 we discuss the 

calculations necessary for making statements like this one. 

4. 2 Confidem:e Intervals 

Overview. The objective of an exploratory srudy is to estimate the concentrations 

of PCBs or other toxic substances present in the output streams, soil, or other material at a given 

shredder site. Because of the sampling error and laboratory error, it is not possible to determine 

exactly the concentration of toxic substances. However, by using the methods in this section, you 

will be able to malce statements such as, "As a result of our study, we are 95% cenain that the 

concentration of PCBs in this pile of stored fluff is between 40 and l 00 ppm." In this statement, 

the interval "between 40 and 100 ppm" is called a confidence interval. Because of sampling and 
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measurement errors, we are never sure of the exact concentration of a given substance in the 

iru.w:rial we m: srudyi.ng. By calculating confidence intervals, we obtain a range that is likely to 

contain the acrual com::em:ration. In this manual, all confidence intervals are calculated to have a 

95% chance of being correct - i.e., of incluiling the acrual PCB concentration - and are thus called 

95% confidem:e inrervals. 

Preliminary Calculations. The first step is to make two basic calculations.. the 

average md standard deviation of the samples. These calculations are illustrated in Worksheet l. 

In !he example given in Worksheet 1, 6 samples are analyzed and found to have measured. PCB 

concent:rarlons of 5, 15, 65, 11, 33, and 27 ppm, respectively. For these da!ll.. the average and 

st.aildmi deviation are 26 and 21.72 ppm. 

Confidenc:e Intervals for Concentrations. To find estimates of the acrual 

concentration of PCBs or other substances, follow the calculations shown in Worksheet 2. For the 

example data shown in Worksheets l and 2, the lower and upper limits are 3.21 and 48.79 ppm, 

respectively, so that we are 95% certain that the estimated PCB level is between 3.21 ppm and 

48.79 ppm. 

Interpretation of Estimated Com:entrations. What conclusions can be made 

based on the estimates that you have made? There are several ways to answer this first question, 

but the overriding concern should be whether estimated levels of PCBs and/or other toxic 

substam::es are considered to be 100 high. Suppose, for example, we regard 50 ppm to be an 

acceptable level of PCBs in shredder output. There are three possible cases: 

• Case 1: The upper limit of the interval falls below 50 ppm. In this case, 
we are 95% certain that the level of PCBs is acceptable. 

• Case 2: The lower limir of the interval falls above 50 ppm. In this case, 
we are 95% certain that the level of PCBs is not acceptable. 

• Case 3: The imerval contains 50 ppm. In this case we are unsure as to 
whether the level of PCBs is acceptable. If the interval is not too wide 
(e.g., 45 to 51 ppm) then we might be willing to assume that the level of 
PCBs is acceptable; otherwise, the study is inconclusive. 

With regard to Case 3, it should be noted that most of the rime it can be avoided by specifying a 

large enough sample size when planning the study; this problem will be discussed shortly. 

Furthermore, whenever it is necessary 10 make an absolute judgment about the safety of shredder 
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WORKSHEET :I.: Calculation of Average ud Studard Deviatioa 

PCBs (ppm) Squared PCBs 

5.0 
15.0 
65.0 
11.0 
33.0 
27.0 

Step l: Find the sum o: ): 
L X = 5 + 15 + ... + 27 = 156.0. 

Step 2: Find the sum of the squares: 

25.0 
225.0 

4,225.0 
121.0 

1,089.0 
729.0 

I. x2 = 25 + 225 + ... + 729 = 6,414.0. 

Step 3: Find the avenge: 

L x 156.0 
Average= Sample Size - -r = 26.0. 

Step 4: Find the Standard Deviation: 

2 (l: x):z 
I. x • Sample Size 

Sample Size - 1 

0414.0 - (1S~0)2 

= 5 

= 471.9. 

SwmrdDevimi.oo =s!Variance "'21.72. 
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Enmple Dat.11. As in Worlalleet 1, the example data co,,.,.;ot.~ of lahoratmy ~IS 
from 6 composite samples, showing tile following PCB leveis: 

PCBs (ppm) Squared PCBs 

!') 5.0 25.0 

:,Cf 15.0 225.0 
>I ;_ 65.0 4,225.0 

11.0 121.0 
33.0 1,089.0 
27.0 729.0 

Step 1: Find the average and standard deviation. Follow the directions in 
Worksheet 1. For the data shown above: 

Average of Samples = 26.0 1 o o 

Standard Deviation= 21.72 

Step 2: Estimation of Confidence Intervals. Ill Table l, find the t-value for a sample 
size of 6, which is 2.57. Now make tile following calcul.arloos: 

S!al:ldard Deviation 21.72 
Avenge of Samples -r-value..;;;..;;;:;';:;:::::::;;:::;;=-= = 26.0 - 2.57 ~ = 3.21 

,.J Sample Size "6 

S!al:ldard Deviation 21.72 
Avenge of Samples+ r-value=~:::::;;:::;;=-= = 26.0 + 2.57 ~ == 48.79. 

,.J Sample Size "6 

Step 3: Interpretation of Confidence Intervals. We are 95% cenain that the acrua.l 

PCB level is between 3.21 and 48.79. 
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Number of 
oompmite 
sam les t-values 

2 12.71 
3 4.30> 
4 3.18 
s 1.11 

6 2.51 
7 2.45 
8 2.36 
9 2.:n 

10 2.26 

ll 2.23 
12 2.20 
13 2.18 
14 2.16 
15 2.15 

16 2.13 
17 2.12 
18 2.ll 
19 2.10 
20 2.09 

21 2.09 
22 2.08 
23 2.07 
24 2.07 
25 2.06 

30 2.05 
50 2.01 
15 1.99 

100 1.98 
>100 1.96 

-The~ slloM in Ille mbleare 
takell from SWdeffl's t clisll'ibtnioo. 
This dislribw:ioo is of1.e11 used as a 
measure of uncenainty due !I> 

samplillg and olber sources of emir 
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output, then the hypodu::sis testing procedures described in the appendix should be used instead of 

the eicplorawry procedures discussed here. 

In each of !he preceding scenarios, we have used the expression "95% cenain." As 

we discussed earlier, there will always be some uncenaincy as to the acrual conccmrarion of PCBs 

because of sampling and laborarory error. When we say chat we are 95% cemi.n that the level of 

PCBs is within- a given range, we simply mean !hat there is a 5% chance that we are wrong. Put 

another way, this means that if we checked PCB levels at 20 sites (or at the same site at 20 

different times) using the procedures described here, we could expect, on average, that our 

estimate for one of the sites would be wrong. 

4. 3 Sample Sizes 

Sample Sizes and Relative Error for PCB Levels. Because of sampling and 

laboratory measurement error, we can never be certain of the exact concentration of PCBs. 

However, by increasing the number of samples analyzed, we can reduce the degree of em:>r in our • ' 

estimates. How many samples need to be taken? There is no universal answer to this question, ... -· 

but based on data from preliminary srudies, we can make rough estimates of the level of error that·''°·. 

can be expected from samples sizes ranging from 1 10 25. 1 " · 

When we select a sample and average the measured PCBs, there is always some 

difference between our sample average and the true concentrmion of PCBs in the sampled marai.a1. 

This difference represents error that is due to both sampling and laboratory analysis. The relorive 
error is the absolute difference between the sample and true concentrations divided by the rrue 

value: 

I Sample Average - True Concem:rarion I 
True Concentration · 

Since !he sample average is subject to random fluctuations, tbe relative error will vary also, and we 

will never know the relative error for my given sample. However, as the sample size increases, 

I The eslimati:s fa swidarcl errors. sample sizes anc! precision presented here are based on preliminary dm. from an 
EPA·~ smdy of 85 samples collecied at seven shredder sites rhroughout ll!e cowmy and on a dataset of 200 
samples col.leaed and analyzed by various swe anc! local agencies. 
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the relative errors decrease and. although the relative error may change from one sample to another, 

we can give a value, the maximum relmive error, !hat it will generally not exceed. 

Table 2 shows the maximum relative error for estimating PCB levels with sample 

sizes of l to 2.5. Unforrunacely, even to get .50% maximum relative error may require a large 

number of samples. For example, if 10% white goods are processed (with 90% automobiles or 

other materials), approximately 2.5 samples are required to obtain .50% ma.ximwn relative error 

when no compositing is used. Notice that when compositing is used, the number of samples that 

must be analyzed co achieve a desired maximum relative error is reduced. For example, 64% 

maximum relative= can be expected when 16 samples are analyzed without compositing. If 18 

samples are composited imo 9 groups of 2 samples each, however, then 68% maximwn relative 

error can be obtained by analyzing the 9 composited samples. There is a slight increase in 

maximum relative .error (since 68% is greater than 64% ). but the laboratory costs are reduced 

almost by half (i.e .• 9 samples analyzed instead of 16). Finally, notice that to obtain maximum 

relative error of less than 25% requires very large sample sizes, even when compositing is used. 

In discussing sampling over time in Section 2, we recommended taking samples 

every half-hour for at least 8 hours, which would result in 16 samples. From Table 2, we see that 

the resulting maximum relative error would be about 64%, if no compositing is used. This will be 

adequate when the level of PCBs found is low (e.g., 10 to 20 ppm), but may be unacceptable if a 

high level of PCBs is found. If the 16 samples are composited into 8 composite samples of 2 

subsamples each, the maximum relative error would be about 70% (i.e., slightly higher than that 

shown for 9 composites of 2 subsamples each). If the 16 samples are composited into 4 

composites of 4 subsamples each, the maximum relative error increases-to 106%. Again, this is 

probably acceptable_ when the level of PCBs is low, but will not be acceptable when the PCB level 

is, say, 20 or 30 ppm. The sampling procedures described in Section 2 for stored fluff will 

produce 20 samples; the maximum relative error for 20 samples would be similar to those for 16 

samples, although slightly lower. 

The key factor in deciding how many samples to take is the maximum relative error 

desired. In deciding the maximum relative error, the concentration of PCBs must also be taken 

into account. Suppose, for example, that the actual PCB concentration is 10 ppm and that we 

estimate the level of PCBs as being between O and 20 ppm. Then the maximum relative error is 

100%, but since the esnmated PCB concentration is well below the 50 ppm standard, this level of 

error is acceptable. However, if the actual PCB concenrration is 50 ppm and we estimate that the 

level of PCBs is between O and 100 ppm, the maximum relative error is again 100%, but it is 
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Toal Number of S111lamples 
sampla oompcmtes macb Maximum relative eirmi4 
colleded aml mm ·te 

2 2 1084% 
4 4 192% 
9 9 l 93% 
16 16 64% 
25 25 5()11; 

4 2 _193% 'ibb 
!I 4 \ 

14()11; ' ' 18 9 2 68% 
32 16 47% 
so 25 36% I L!OS Jv 

/ 

8 2 _591% 3S I / 
16 4 106% 
36 9 4 51% 
64 16 35% 
100 25 27% 

16. 2 468% 
32 4 83% 
72 9 4()11; 

128 16 28% 
200 25 21% 

"'A relative error of 50% means tl!at with 95% cemmcy, the ewrnatcd average 
COOCl':lltrmoo will be wimm 50% of me llCWlll1 average com:cntration. A 
n:lative ~011 ofm.ot'e tblm loel'li (e.g., 150%) Im lhe same irnerpretation. 
(e.g.. me e.mrnared concmumoo will be between O'I, and 1.5 times me acwal 
C:onoellU'moo). 
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clearly not acceptable. In explorarocy studies, high relative errors can generally be rolerared. since 

more data can be collected to investigate the siruarion more closely if high levels of PCBs are 

suspected. 

Sample Sizes and Relative Error for Lead and Cadmium. Iii general, the 

samples sizes required for estimating PCB levels should be more than adequate for estimating 

levels of lead and cadmium. Analysis of preliminary data indicates that both sampling and 

measurement errors are smaller for these substances than for PCBs. Comparable data for other 

toxic substances is not available. 

4 .4 Analytical Metliods for Other Objectives 

Exploratory studies are only one possible objective of sampling for PCBs a1 

shredder sites. Another objective would be monitoring shredder output to make sure that PCB 

levels do 110 exceed a given level. In practice, mo11itoring programs are often put in place by 

shredder operators to verify to landfill operators that fluff from the site meets TSCA landfill 

regulations. A third objective would be "clean-up" verificatio11, which might be required if a site -

or the fluff produced at a site - were found to be extensively co11taminated with PCBs. In both 

cases, the statistical method of hyporhesis testing would be used in place of confidence illrervals. 

These topics are discussed in illl appendix. 

4. S Additional Reading 

For more details 011 statistical procedures for use in e11vironme11.tal scie11ces, see 

Statistical Methods/or Envin:mmemal Pollution Moniroring, Richard 0. Gilbert. 
V a11 Nostrand Reillhold Company Inc. 1987. 
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A.I. 

A.1.1 

APPENDIX 

ANALYTICAL METHODS FOR 

REGULATORY PROCEDURES 

Introdm:tion 

Objectives of Regulatory Procedures 

As discussed in the Section 1, there a.re several possible objectives in 
sampling for PCB's. Analytical methods for exploratory studies were discussed in Section 

4 of the Sampling Guidance. The two objectives of regulatory functions are monitoring 

and clean-up verification. This appendix discusses statistical methods for these 

applications. 

When monitoring the output of a shredder site, the monitoring agency -

which may be the shredder operator or an outside agency - develops a program of regular 

sampling and analysis of matl:rials to assure that shredder output meets specified standards. 

In this situation, the output is asSWl'l.ed not to be comaminaw.l until the samples collected 

for the monitoring program demonstrate otherwise. 

In the event that a shredder site or output from a site is established as being 

contaminated with PCB's - if large piles of stored fluff or the soil around the site are 

known to contain high com::entrarions of PCB's, for example - then it may become 

necessary for the site to ll!ldergo some form of clean-up or change in operating procedures. 

In this case, the site (or output from it) is ass1U11ed to be contamiMted until the samples 

collected during the clean-up verification demonSIIllle otherwise. 

The statistical methods for these two applications appear to be very similar. 

In each case, the average PCB concentration is found and compated with a known value to 

mm conclusions about the PCB level. Although the procedures differ slightly in the 

methods of calculation, the importmt difference is in the decision-making process indicated 

by the italics shown above. While the procedures discussed in Sections A.2 and A.3 may 

appear redoodant, purpose of the analysis and the conclusions that would be reached are 

different. 
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A.1.2 

A number of sampling issues arise in planning monitoring and clean-up 

verification programs. These issues are mainly related to the frequency and duration of 

visits to the shredder site to collect samples. This is more of 11.11 issue for monitoring 

programs, where regular visiis are more li.keJ:, to be reqwred.. 

Should samples be collected once a week? Once a month? Four times a 

year? In deciding how often 10 collect samples, it must be remembered that the material 

output from a shredder is the direct product of the input 10 the shredder. The primary 

objective in sampling is 10 obtain a represem:ative sample of the material that is output 

during the normal operation of the shredder. ll is possible for the shredder operator to run 

only "clean" materials - for example, materials that have had all electric motors, air 

conditioning units, etc., removed - while the samples are being collected. If this is done, 

the samples may not reflect the marerials that are normally output at the shredder. 

Ultimately, the question of "how often" is really less important than whether .. 

the samples collected are representative of the normal output of the shredder. Obviously, 

samples taken four times a year may not be representative of the output being produced 

during the rest of the year. However, sampling even once a week may not be sufficient if 

the samples selected are not representative. 

When monitoring programs are in place, sampling usually talces place at 

regular inu:rvals, ranging anywhere from folll" times a year to once a week. Within this 

context, samples may be collected once a visit. once each half-hour for several hours, or 

once each half-hour for an entire day. As pan of either a monitoring or a clean-up 

program, we suggest collecting samples of fresh shredder output each half-hour for a 

period of !l hours, or one work day. As noted in the Sampling Guidance, the longer the 

dmatlon of the sampling period, the greater the likelihood of obtaining a representative 

sample of shredder oucpu!. Sampling for an entire working day is likely to provide good 

representation of the shredder's normal operations, at least for that day, and also will 

provide a minimum number of samples for statistical analysis. 
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A.l.3 Hypothesis Testing 

As we have noted. there an: several possible sources of error in assessing 

conuunination by PCB's or other toxic substances. For exploratory studies, we used 

confidence inrervals as a statistical procedure for analyzing data in the presence of error. 

For monitoring and clean-up programs, hypothesis teStS are the primary analytical tool 

In hypothesis resting, an assumption is made - for e:wnple, that the normal 

fluff output of a given shredder site has a PCB conce11tratio11 that is 50 ppm or less - and 

then evaluated in relation to the results of a laboratory test. For example, suppose that 

laboratory tests indicate that the average concentration in samples collected is 60 ppm. We 

know that because of sampling and measurement errors, the actual concentration is not 

exacrly 60 ppm. In an hypothesis test, we do a set of calculations which provide a 

numerical cut-off against which our sample val.ue is compared. Th.is cut-off depends on the 

mmtber of samples analyzed and some other considerations. For e:wnple, suppose that the 

cut-off is 75 ppm Comparing the sample estimate of 60 to the cut-off val.ue of 75, we 

would conclude that the laboratory results are within the range of sampling and laboratory 

effllf and that we do 1101 have sufficient evidence to conclude that the output of the shredder 

is more than SO. 

A.2. Monitoring 

A.2.1 Considerations in Monitoring Programs 

As we discussed earlier, the objective of a monitoring program is to make 

sure that the output of a shredding operation meets some specified standard. Frequently 

this standard is taken to be SO ppm, since this is the requirement for TSCA landfills, but 

other standards might be considered as well. In this manual, we will use tlm:e possible: 

standards - 25, 50 and 100 ppm - as illustrations. Monitoring programs may also vary 

with respect to the frequency and duration of :sampling. Samples of output materials may 

be taken weekly, monthly, or quarterly, with samples collecting over several hours or an 

entire day. In most cases, the sample sizes discussed for monitoring are intended for a 

single visit. 



There are two major difficulties in monitmi.ng shredder sires. FU'St, bet::a'lse 

of the time delay in having samples ana.lym:I, the acrua1 shredda ooiput !lw is sampled will 

probably be in a landfill by the time the analysis is done 10 determine whether it is 

contaminated or not. Second, the amount of PCB's can be loosely conttolled by 

processing different materials, since, for example, automobiles appear to be less likely to 

produce PCB contaminated output than white goods. Thus, shredder operators being 

monitored by outside agencies could celiberately process materials with low PCB levels 

during the monitoring period. If the materials processed during the monitoring period arc 

not representative of the normal output of the shredder, then the results of the monitoring 

program will not be valid. 

Clearly, monitoring programs, which depend 011 statistical principles and 

random inspections, cannot detect all violations. The best strategy for keeping 

contaminated output 0111 of landfills is to develop monitoring programs that are Likely to 

detect mosr violations, so that appropriate enforcement actions can be taken. One of the 

key steps in developing an effective monitoring program is to collect representative 

samples. We suggest three steps. FU"St, regulatory agencies can make =ounced visits 

to the shredder site at randomly chosen times to help assure obtaining representative 

samples. Similarly, shredder operators can collect samples at irregular intervals to help 

assure representative sampling. Second, the longer the duration of the data collection 

period. the more likely that shredder input will be representative; we recommend !hat the 

monitoring period last 8 hours or for !he normal duration of operating hours. Finally, 

samples of stored fluff and spillover should be collected, in additio11 to fresh fluff, since 

these mµerials are likely to reflect the output during normal operation even when fresh fluff 

may not. 

A.l.l Hypothesis Testing for Monitoring Programs 

When monitoring the output of a shredder site, it is first assumed that the 

output streams are nm co11taminated. Samples arc collected and chemically analyzed at 

intervals to monitor the shredder output. and, based 011 a statistical analysis of these 

samples, the monitori11g agency determines whether this assumption - i.e., that the 

shredder output is in compliance with safety standards - is reasonable. The process used 

to make this determination is called a hyporhesis rest. The basic steps are simple: the 

average and standard deviatio11 arc calculated, a cut-off value is determined and the average 
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is compared to the cut-off value. If the avenge is larger Ihm the cut-off value, then the 

output is declared in violation, otherwise it is assumed to be ill compliance:. In the 

following sectiom we will discuss how to detem:line the cut-off value and the sample siz.cs 

necessary for making hypothesis tests. 

As we discussed earlier, the presence of sampling error and analytical error 

make it difficult to detetmine whether shreddc:r output is in compliance with regulations. 

The fact that chemically analyzed samples are above the safety sWldud is not sufficient 

evidence that the entire output from which the samples were taken is in violation. A more 

careful evaluation must be done to accooot for sampling and analytical. em:,r. The 

procedure tlw must be followed is illustrated in an example in Worksheet A-1. 

The first step is to find the average and standard deviation using the 

procedures given in Worksheet l in Section 4. Next, the cut-off value must be determined. 

This value can be found by following the calculations in Worksheet A-1. Finally, to 

evaluate whether or not shredder output violates the relevant standard, simply compare the 

average of the analyzed samples to the cut-off value and follow these rules: 

A.l.3 

• If the average is larger than the cut-off, conclude that the output 
violates the stand.mi 

• If the average is smalJo than the cut-off, assume that the output is in 
compliance with the standard. 

Effects of Sampling and Analytical Error 

Lilre all decisions that are based on statistical. methods, hypothesis testing 

procedures are subject to error. For example, in a pile of fluff that is relatively free of 

PCB's. we may pick a sample simply by chance that has an unl!S1laliy dense concen1r.1.tion 

of PCB 's, leading us to conclude that the entire pile of fluff is com:aminated. In this case 

we would incorrectly conclw:ie dim the owpw was in violalion. On the other hand, in a pile 

of fluff that is heavily contaminated, we might happen to pick a sample that has a relatively 

low level of PCB's, leading us to incorrectly conclude that the owpw is in compliance. 
These twO errors have many names in the statistical. literature, but they are most commonly 

called "Type l" and "Type 2" errors, respectively. 
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Eumple Data. Assume that 4 composi.u: samples are amuy:red and have these PCB 
levels: 

PCB's (ppm) 

70.0 
121.0 
48.0 
51.0 

Sg1.1ared PCB's 

· 4,900.0 
14,641.0 
2,304.0 
2,601.0 

Step l: Find the average and stamfard deviation. Use the directions in Worksheet 
l. For the example datll given above: 

Average of Samples = 72.50 

Slandard Deviation = 33.77 ? • -

Step 2: Determine the Cut-Off Value: Make the following calculations: 

• Shon-Cut Method. In Table A-1, select the appropriate safety st.aw:lard 
and then find the cut-off which com:sponds ro the standam deviatioo and 
sample size that are closest to the yoms. For the example data. the st.aw:lard 
deviation and sample size are 33.77 (which is close to 35) and 4. Assuming 
the safety standard is 50, the cm-off is 91.l. 

• Exact Method. This method is slightly more complicau:d. Fint. in 
Table A-2, find the :-value for a sample size of 4, which is 2.35. Now 
make the following ca.Jn•Jalioo: 

Standard Deviation 
Cut-Off Value= SWldani + t-va.lue ...... ';:;;::=::;:::;;;:;::::::-- . 

-.J Sample Size 

If the standard is 50 ppm, then 

Cut-Off Value= 50 + 2.35 
3
~ = 89.7. 

Step 3: Interpretation. Since the average, 72.5, is smaller than the cut-off, 91.1 (using 
Method 1, or 89.7, using Method 2) we do not have sufficient evidence ro com::lude that 
the ouqiut exceeds the 50 ppm safety standard. 



Table A- I: Cut-off values for monitoring"' 

Number of Composile S1mmles Analvzed 
Safety Standard 

Standard Deviation 2 4 9 16 25 

20 114.2 48.5 37.4 33.8 31.1! 
35 181.2 66.1 46.7 40.3 37.0 . 
50 2411.1 113.11 56.0 46.9 42.l • 

25 15 359.6 113.l 71.5 57.11 50.7 
100 471.2 142.5 87.0 68.8 59.2 
150 694.3 201.3 118.0 90.6 76.3 
250 1,140.5 31!!.8 180.0 134.4 110.5 

20 139.2 73.5 62.4 511.8 -56.ll 
35 206.2 91.1 71.7 65.3 62.0 
50 273.1 108.8 81.0 71.9 67.1 

50 75 384.6 138.1 96.5 112.11 75.7 
), 100 496.2 167.5 112.0 93.11 84.2 
.!.i 150 719.3 226.3 143.0 115.6 IOl.3 

250 1,165.5 343.8 205.0 159.4 135.5 

20 189.2 123.5 112.4 108.8 106.8 
35 256.2 141.1 121.7 115.3 112.0 
50 323.1 158.8 131.0 121.9 117.1 

100 75 434.6 188.1 146.5 132.8 125.7 
100 546.2 217.5 162.0 143.8 134.2 
150 769.3 276.3 193.0 165.6 151.3 
250 1,215.5 393.8 255.0 209.4 11!5.5 

*If the average of the analyzed samples is larger than the cu1-off value in the table, then conclude 
that the shredder output violates the given standard. Otherwise, assume that the output meets the 
standard. The chance of incom:ctly finding a violation is 5%. 



.. 
Table A-2: t-values for bypomesis te:SU" 

Number of 
oompm.ite t-values 
samles 

2 6.31 
3 2.90 
4 2.35 
5 2.13 

6 2.02 
7 1.94 
8 1.89 
9 1.86 

10 1.83 

11 1.81 
12 l.80 
13 1.78 
14 1.11 
15 l.16 

16 1.75 
17 1.75 
18 l.14 
19 l.73 
20 1.73 

21 1.73 
22 1.72 
23 1.72 
24 1.71 
25 l.71 

30 l.70 
50 l.68 
15 1.67 

100 1.66 
>100 1.65 

"The values S0011111 ill Ille ual>le are lllil:m 
mim Sllldellt's t ~ This 
disttibUlio11 is oftell used as a measure 
of IIIICelWllty due to sampling and 
oilier sources of emir. 

A-8 
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Using the procedure described in Worksheet A-1, you will have a 5% 

chance of making a Type 1 error - that is, of concluding that output is in violation when in 

fact it is not. The chance of this type of error is 5% regardless of the sample size. The 

chance of a Type 2 error - the chance of missing violatio!IS when they ai::mally exist - does 

depend 011 the sample size. Because chancteristics of fluff vary from place to place, it is 

difficult to determine the exact probability of making a Type 2 error, but based 011 

preliminary studies we have made some approximate calculaticms that are shown in 

Tables A-3 through A-5. These tables give the chance of correctly identifying violations 

(i.e., Mt making a Type 2 error) for a range of sample sizes and hypothetical PCB levels 

for safety standards of 25, 50, and 100 ppm. 

For example, in Worksheet A-1, the hypothesis test based on four samples 

concluded that the output met the 50 ppm safety standard. In Table A-4 (which covers the 

50 ppm standard) we see that with 4 composite samples, assuming each consists of I 

subsample, the chance of detecting a violation of even 125 ppm is only 11 %. Thus, we 

should not feel too confidem that the material is actually in compliance with the standard. 

As might be expected, the Iaeger the sample size the greater the chance of detecting 

violations. This is true if the sample size is increased by analyzing more composite 

samples or by compositing more subsamples together. Thus, when 9 composites of one 

subsample each are analyzed, the chance of detecting a violation of 125 ppm is 44%, 

meaning that 44% of the time a violation of 125 would be detected using procedures like 

this, while 56% of the time a PCB level of 125 would remain undeteeted. Notice that the 

siruarion improves substantially if 9 composites are used with 4 subsamples each, in which 

case the chance of deteering a violation of 125 ppm increases to 88%. 

A.3. Clean-up Verification 

A.J.1 Considerations in Clean-up Verilication 

In exploratory studies, there is little if any prior knowledge about 

contamination by PCB' s or other substances at a site. In monitoring programs, it is 

assumed !hat shredder output streams are in compliance with PCB standards unless !he data 

indicate otherwise. However, when a statistical evaluation is undertaken 10 verify a site 
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Table A-3: Chance of finding violalions in moniloring with a 25 ppm standard 

Chance of detecilne vlolatlon• 

Total Number of Subsamples Actual PCB conceniration 
samples composites in each I I I I oolleded analned com-ite JO JS 40 so 61) 

2 2 0.00 0.00 0.00 0.00 0.00 
4 4 0.02 0.04 o.os 0.0il 0.11 
9 9 I O.Oil 0.15 0.22 0.33 0.42 
16 16 0.13 0.2S 0.37 0.56 0.6!1 
25 25 0.111 0.36 0.53 0.75 0.116 

4 2 0.00 0.00 0.00 0.00 .0.00 
!I 4 0.03 0.05 0.08 0.14 1120 
18 9 2 0.11 0.22 0.34 0.53 0.65 
32 16 0.19 0.39 0.57 0.79 0.119 

~ 50 25 0.26 0.55 0.76 0.93 0.98 -0 

II 2 0.00 0.00 0.00 0.00 0.00 
16 4 0.04 0.08 0.14 0.25 0.35 
36 9 4 0.15 0.34 0.51 0.15 0.116 
64 16 0.26 0.57 0.711 0.95 0.99 
100 25 0.38 0.76 0.93 0.99 1.00 

16 2 0.00 0.00 0.00 0.00 0.00 
32 4 0.05 0.12 0.22 0.40 0.54 
72 9 !I 0.21 0.48 0.69 0.90 0.96 
128 16 0.36 0.74 0.92 0.99 1.00 
200 25 0.51 0.90 0.99 1.00 1.00 

•Power calculations assume a 5% chance of incorrectly finding a violation. 

:'<-,':ii ""\.'•' 



Table A-4: Chance of finding violations in monitoring with a 50 ppm standard 

Chance of detectin11 violallon"' 

Total Number of Subsamples Actual PCII concentration 
samples composites in each 
collected analyzed comooslte 60 70 85 100 125 

2 2 0.00 0.00 0.00 0.00 0.00 . 
• 

4 4 0.02 0.04 0.06 0.011 o.u 
9 9 1 0.08 0.15 0.25 0.33 0.44 
16 16 0.13 0.25 0.43 0.56 0.70 
25 25 0.18 0.36 0.60 0.75 0.87 

4 2 0.00 0.00 0.00 0.00 0.00 
8 4 0.03 0.05 0.10 0.14 0.21 
18 9 2 · O.ll 0.22 0.39 0.53 0.68 
32 16 0.19 0.39 0.64 0.79 0.91 

:i- so 25 0.26 0.5S 0.113 0.93 0.98 --
II 2 0.00 0.00 0.00 0.00 0.00 
16 4 0.04 0.011 0.17 0.25 0.37 
36 9 4 0.15 0.34 0 . .59 0.75 0.118 
64 16 0:26 0.57 0.85 0.95 0.99 
100 2S 0.38 0.76 0.96 0.99 1.00 

16 2 0.00 0.00 0.00 0.00 0.00 
32 4 0.05 0.12 0.27 0.40 0.56 
72 9 8 0.21 0.48 0.77 0.90 0.97 
1211 16 0.36 0.74 0.96 0.99 1.00 
200 25 0.51 0.90 l.00 LOO 1.00 

"'Power calculations assume a 5% chance of incorrectly finding a violation. 



Example Data. Assume mat 4 composite soil samples from the cleaned site are analyzed 
and have the following PCB levels: 

PCB's (ppm) 

11.0 
5.0 

52.0 
10.0 

Squared PCB's 

121.0 
25.0 

2,704.0 
100.0 

Step 1: Find the average and standard deviation. Use the directions in Worksheet 
l. For the example data given above: 

Average of Samples = 19 .50 

Stalldard Deviation = 2 l.83 

Step 2: Determine the Cut-Off Value. Make the following calculations: 

• Short-Cut Method. In Table A-6, select the appropriate st!l.llCW'li and 
find the cut-off which oorrespcmds to the sumdam deviation and sample size 
which are closest to yours. Asswm: the standard is 50 ppm. For the 
example data. the standard deviation and sample size are 21.83 (which is 
close to 20) and 4, indicating a cut-off of 26.5. 

• Euct Method. This method is slightly more complicated. First. in 
Table A-2, find the r-value for a sample size of 4, which is 2.35. Now 
make the following calti•Jatioo'. · 

Cut-Off Value = Standard - t-value:.;;;S;.;;;;tandaro~=::;:Devia::;;:;·=n="'· 0
::::
11 

-.J Sample Size · 

21.83 
Cut-Off Value= 50- 2.35 {4 = 24.3. 

Step 3: Interpretation. Since the average, 19.5, is smaller than the cut-off, 26.5 (using 
Method 1, or 24.3, using Method 2), we can conclude that the site meets the 50 ppm 
sWldard. 

A-14 



Table A-6: C111-off values for clean-up verification 

Number of composile sam 1>les analyzed 
Standard 

Standard deviation 2 4 9 16 25 

10 - 13.3 113.8 20.6 21.6 
15 - 7.4 15.7 111.4 19.9 
20 - 1.5 12.6 16.3 11!.2 

25 2S - - 9.5 14. l 16.5 
35 - - 3.3 9.7 13.0 
so - - - 3.1 7.9 
65 - - - - 2.8 

10 5.4 38.3 43.8 45.6 46.6 
20 - 26.5 37.6 41.3 43.2 
30 - 14.11 31.4 36.9 39.7 

50 50 - - 19.0 28.l 32.9 
:r- 60 - - 12.8 23.8 29.5 - 75 3.5 17.2 24.4 ..,. - -

125 - - - - 7.3 

15 33.1 82.4 90.7 93.4 94.9 
25 - 70.6 114.5 119.1 91.5 
50 - 41.3 69.0 711.1 112.9 

100 15 - H.9 53.5 67.2 74.4 
100 - - 38.0 56.3 65.8 
150 - - 7.0 34.4 411.7 
250 - - - - 14.5 . 

"'A dash(-) indicates that the standard deviation is 100 large to establish 1ha1 the site is clean. 



Table A-7: Chance of requiring addilional clean-up with 11 25 ppm standard 

Chance of reuuirine more dean-up• 

Total Number of Subsamples Actual PCB concenlralion 
samples composites In each 
collected 811111"'.HI comnmlte l 5 10 15 20 

2 2 - 0.82 1.00 1.00 1.00 
4 4 - - 0.31 0.116 0.97 
9 9 I - - 0.01 0.48 0.87 
16 16 - - - 0.22 0.79 
2S 2S - - - 0.07 0.70 

4 2 - 0.16 1.00 1.00 1.00 

II 4 - - 0.07 0.74 0.96 
U! 9 2 - - - 0.24 0.81 
32 16 - - - 0.05 0.611 

:r 50 25 - - - - 0.54 ... 
°' 

8 2 - - 1.00 l.00 1.00 

16 4 - - - 0.54 0.93 
36 9 4 - - - 0.07 0.72 

64 16 - - - - 0.53 

100 1S - - - - 0.35 

16 2 - - 0.97 1.00 1.00 
32 4 - - - 0.33 0.90 

72 9 8 - - - O.OI 0.61 

1211 16 - - - - 0.37 

200 25 - - - - 0.11! 

*These calculations assume a 95% (or greater) chance ohequiring additional clean-up when the 
concentration of PCB's is 25 ppm or greater. A dash(-) indicates that the chance is less than .005. 
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Table A-II: Chance of requiring addhional clean-up with 11 50 ppm standard 

Chance of reauirlne more clean-up• 

Total Number of Subsamples Aclual PCB concenlralion 
samples composites in each 
collected analyzed composite 10 15 20 30 40 

2 2 0.82 1.00 1.00 1.00 1.00 
4 4 - 0.02 0.31 0.86 0.97 
9 9 I - - O.OI 0.411 0.117 
16 16 - - - 0.22 0.79 
25 25 - - - 0.07 0.70 

4 2 - 0.16 1.00 1.00 1.00 
8 4 - - 0.07 0.74 0.96 
U! 9 2 - - - 0.24 0.81 
32 16 - - - 0.05 0.68 
so 25 - - - - 0.54 

II 2 - 0.77 1.00 1.00 1.00 
16 4 - - - 0.54 0.93 
36 9 4 - - - 11.07 0.72 
64 16 - - - - 0.53 
100 25 - - - - 0.35 

16 2 - 0.27 0.97 1.00 1.00 
32 4 - - - 0.33 0.90 
72 9 8 - - - 0.01 0.61 
128 16 - - - - 0.37 
200 25 - - - - 0.18 

*These calculations assume a 95% (or greater) chance of requiring additional clean-up when the 
concentration of PCB's is 50 ppm or greater. A dash(-) indicates 1h01 the chance is less 1ha11 .005. 

' . 



Table A-9: Chance of requiring additional clean-up wilh a IOO ppm stand;ml 

Chance or reouirint more clean-up• 
Total Number of Subsamples 

samples composites In each Acl1111i PCB concenlratlon 
collected analyzed composite 

m mlc C 20 30 40 60 80 

2 2 0.82 1.00 1.00 l.00 1.00 
4 4 - 0.02 0.31 0.86 0.97 
9 9 I - - O.OI 0.48 0.87 
Ui 16 - - - 0.22 0.79 
25 25 - - ·- 0.07 0.70 

4 2 0.16 0.98 1.00 1.00 1.00 
8 4 - - 0.07 0.74 0.96 
111 9 2 - - - 0.24 0.81 
32 16 - - - o.os .0.68 

:r so 25 - - - - 0.54 -00 

II 2 - 0.77 1.00 1.00 1.00 
16 4 - - - 0.54 0.93 
36 9 4 - - - 0.07 0.72 

64 16 - - - - 0.53 
100 25 - - - - 0.35 

16 2 - 0.27 0.97 1.00 1.00 
32 4 - - - 0.33 0.90 

72 9 8 - - - 0.01 0.61 

128 Ui - - - - 0.37 

200 2S • - - - - 0.18 

•These calculations assume a 95% (or greater) chance ofrequiring additional clean-up when 1he 
concentration of' PCEl's is 100 ppm or greater. A dash(-) indicates 1ha1 the chance is less than .005. 



remove PCB' s from the conwninated area, the homogeneity of samples taken after clean­

up may be greater; that is, the standard deviations after clean-up may be smaller than the 

standard deviations before clean-up. In this case, the chance of requiring additional clean­

up would be decreased from the values shown in Tables A-7 through A-9. 

Notice that the probability of being required to do additional clean-up is 

related to both the PCB level remamillj: after clean-up - and thus to the intensity of the 

clean-up effort - and to the amowu of data collected for verification. For example, suppose 

that the standard is 50 ppm. If the clean-up effort is less rigorous. resulting in residual 

PCB levels of about 30 ppm, say, then it will require more data ro verify the clean-up than 

if the clean-up had been more intensive and the residual PCB level were only 20 ppm. This 

point has implications for allocating fonds between the clean-up and verification efforts. 

Clean-Up Verification for Lead and Cadmium. Because of smaller 

sampling arid measurement errors. it is easier to detect whether lead and/or cadmium have 

been cleaned up with the amount of data required for detecting clean-up of PCB 's. 

A.3.4 What to Do When Clean-Up Is Not Verified 

When the sample results indicate that the site has not been cleaned up 

thoroughly. it is very important to realize that it is not sufficient to simply clean and re­

inspect !he pans of the site that are in the sample. The reason for this is that the samples 

collected are representative of the entire site; if the collected samples have not been 

thoroughly cleaned up, then it muse be assumed that the rest of the site has not been 

satisfactorily cleaned up, either. 

Therefore, where clean-up does not pass verification, the emire sire must be 

cleaned again! Then, after the site has been cleaned, all the verification steps must be 

repeated using a second, independe111 collection of samples. 

A-19 
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CHICAGO INTERNATIONAL EXPORTING SITE 
SAMPLING PROGRAM 

" The following materials have been sampled 3 times and have shown fairly 

consistent results: 

• Baghouse dust exceeds PCB standard. 

" Seperator Table Fluff exceeds PCB and TCLP lead standards. 

• Copper Fines contains elevated PCB levels but does not exceed standard. 

,. Scrap Copper contains elevated PCB levels but does not exceed standard 

,. Scrap Steel contains detectable levels of PCBs. 

OPERATING AND CONTINGENCY PROGRAM 

• Al incoming materials are off-loaded on paved areas. 

" Management of baghouse dust is almost fully compliant. 

-/4 Management of Seperator table fluff has improved, but still lacks with regard to 

labeling. 

.. Formal training of all employees was completed last week. Topics covered 

included health and safety aspects of lead and PCBs, proper handling of all 

materials and notification that the inside of the baghouses and shredder space 

may be oxygen deficient and should be monitored for oxygen levels before 

entering. 

• A new box for ensuring better capture of the copper fines was delivered to the site 

earlier this week and will be in place by Monday. 

CLEAN WORLD ENGII\IEERIIIIG, LTD 



CHICAGO INTERNA TIONAl EXPORTING SITE 

e1 Spillover from shredder and chopper lines is being picked up on a more regular 

basis and rerun when practical to do so or placed in a gaylord box. 

co Dirt and dust on pavement is being swept on a regular basis around the shredder 

and chopper lines and less frequently around other areas of the yard. 

• A respirator program is partially in place. A number of full face(5-7 or so) and half 

mask cartridge type respirators were distributed to !hose employees on the 

chopper line. A flt test kit was purchsed and the repirator supplier will be 

providing instruction in it's use. 

• An oxygen meter was purchased to determine if the baghouses and shredder 

space is oxygen deficient prior to each entry into these spaces. 

• Impermeable gloves were purchased and distributed to all employees. 

e Tyvek coveralls were purchased and provided to any employee that requests 

them. 

e Arrangements for the proper disposal of baghouse dust and separator table fluff 

are currently being made. 

CU:AI\I WORLD EIIIGINEERIIIIG, l m 



STILL TO DO .••.• 

SAMPLING PROGRAM 

CHICAGO INTERNATIONAL EXPORTING SITE 

.. Air sampling is scheduled for Monday to Wednesday (9-25-95). 

" One more sample of shredder pickings. However, sampling methodology needs 

modification. 

" Three rounds of samples from pavement and floor sweepings. The sweepings 

will be generated on a more substantial basis over the coming months. 

OPERATING AND CONTINGENCY PROGRAM 

.. Followup training may be necesary to better educate the employees on materials 

handling, labeling and management. 

.. Yard maintenance and sweeping needs to be established on a more regular 

basis. 

" The respirator program needs to be finalized with records of frt tests and another 

training session on proper care of the respirators. 

" A determination as to whether OSHA's lead standard applies to this site needs to 

be made. Part of that determination may include the upcoming air sampling. 

Whether the lead standard applies or not, better personal protection practices need 

to be established. 

CU:AIII WORLD EI\IGIIIIEERING, LTD 




